The major challenge to identifying natural senseantisense (SA) transcripts from public databases is how to determine the correct orientation for an expressed sequence, especially an expressed sequence tag sequence. In this study, we established a set of very stringent criteria to identify the correct orientation of each human transcript. We used these orientation-reliable transcripts to create 26 741 transcription clusters in the human genome. Our analysis shows that 22% (5880) of the human transcription clusters form SA pairs, higher than any previous estimates. Our orientation-specific RT-PCR results along with the comparison of experimental data from previous studies confirm that our SA data set is reliable. This study not only demonstrates that our criteria for the prediction of SA transcripts are efficient, but also provides additional convincing data to support the view that antisense transcription is quite pervasive in the human genome. In-depth analyses show that SA transcripts have some significant differences compared with other types of transcripts, with regard to chromosomal distribution and Gene Ontology-annotated categories of physiological roles, functions and spatial localizations of gene products.
INTRODUCTION
Gene regulation by natural antisense RNA in prokaryotes has been well known for many years (1, 2) . The first example was reported in the plasmid ColE1, in which DNA replication was regulated by an antisense RNA (3, 4) . Since then, antisense RNAs have been observed in various organisms, from prokaryotes (1, 2) to eukaryotes (5, 6) including plants (7) and animals (8) . Mounting evidence suggests that it is a conserved feature within the genomes of all species from archaebacterials to humans (4, 9, 10) . There are two different kinds of endogenous antisense RNAs in eukaryotes: one is called cis-encoded antisense, which is transcribed from the opposite strand of the same genomic locus as the sense RNA and has a long (or perfect) overlap with the sense transcript; the other is called trans-encoded antisense, which is transcribed from the genomic locus different from the sense RNA and has a short (or imperfect) overlap with the sense transcript (5, 6) . Most of the natural antisense transcripts are cis-encoded antisenses (5, 6) and they are the focus of this study.
In the human genome, it was predicted that from 1 to 2% (11) (12) (13) to 8% (14) of the human genes were influenced by antisense transcripts. Kiyosawa et al. (15) predicted that $15% of the mouse genes formed sense-antisense (SA) transcript pairs. These data support the view that antisense regulation may be more widespread in the mammalian genome than appreciated previously (16, 17) . Various criteria were used in the prediction of SA transcripts in previous studies. For example, Yelin et al. (14) mainly collected the expressed sequences that span intron(s) and predicted 8.4% of human transcription clusters formed SA pairs, the largest SA data set reported to date. Do more SA transcripts exist in the human genome that are presently unidentified by previous criteria? If this is the case, an alternative prediction method with high sensitivity and specificity is needed.
The major challenge to identifying natural SA transcripts from public databases is how to determine the correct orientation of candidate sequences, especially expressed sequence tag (EST) sequences. EST sequences are single-pass and partial sequencing reads generated from either the 5 0 or 3 0 end of cDNA clones (18) . As the cDNA libraries were generated from either normal or pathological samples from different tissues and different developmental stages, ESTs provide a tremendous resource for transcript analysis at the genome level. Currently, there are over 5 million human ESTs in dbEST [(19) , dbEST release 090503] and over 4 million human ESTs clustered in UniGene [(20) , Build #167]. However, uncertainty regarding the correct orientation of ESTs (11, 12) has been the major obstacle in using the EST database for antisense transcript identification (14) . Most of ESTs and many mRNAs do not span introns, but they may contain reliable 3 0 ends. Therefore, we established a set of very stringent criteria based on the presence of a polyadenylation site [i.e. poly(A) signal] and the poly(A) tail at 3 0 end of the sequence and the sequence annotation to determine the correct orientation of each transcript. Consequently, 386 415 orientation-reliable transcripts were collected. A combined use of CAP3 (21) and Blat (22) restricted with the specific criteria, identified 26 741 transcription clusters derived from 346 168 transcript sequences in the whole human genome, of which 22% (5880) form putative SA pairs, higher than previous prediction. Note that neither non-polyadenylated transcripts nor trans-encoded antisenses were included in our antisense set, thus, the percentage of SA pairs is likely to be even higher. Our orientationspecific RT-PCR test together with the comparison with the relative published data confirms that this SA data set is reliable, indicating that our method is very efficient for antisense transcript prediction.
MATERIALS AND METHODS

Data source
The human transcript sequences (4 409 214 in total) were downloaded from the human UniGene database (http:// www.ncbi.nlm.nih.gov/UniGene; Build #167). UniGene (20) is an experimental system for automatically partitioning GenBank sequences into a non-redundant set of gene-oriented clusters. In UniGene, vector contaminants are removed and repetitive elements or low-complexity sequences are masked and EST sequences with very poor sequence quality are discarded. Besides mRNAs and ESTs, many gene Models are also collected into human UniGene. There are different levels of evidence for Models, ranging from fully transcriptsupported to just ab initio prediction, and only those that match other transcripts in the same species are included in UniGene. Thus, compared with the raw expressed sequence data deposited in GenBank, human UniGene provides a more reliable base for our study. Since Models are helpful for EST sequence assembling and genome mapping, we kept them through our genome-mapping step, but excluded them from our transcription clusters. The human genome sequences downloaded from UCSC goldenPath (http://genome.cse. ucsc.edu/goldenPath; NCBI build #34) were used for genome mapping.
Selection of orientation-reliable human transcripts
Poly(A) signals and poly(A) tails are two indicators in determining the reliable 3 0 end for a given expressed sequence. We adapted the criteria of Caron et al. (23) to determine whether a sequence contains a poly(A) signal and/or the poly(A) tail (see Table 1 ). Once the 3 0 end is determined, the correct orientation of the sequence is determined. In addition, CDS (protein coding sequence) is an important sign appearing in the sequence annotation for a well-annotated sequence. Basically, a sequence with the annotated CDS indicates it is well annotated and in the 'sense' form (i.e. the sequence's orientation is from the 5 0 end to the 3 0 end). Table 1 shows the criteria used for selecting different types of sequences. It is notable that, for a 3 0 labeled EST sequence, we accepted the sequence only if it contains both a poly(A) signal and the poly(A) tail. These criteria are more stringent than those used by previous studies in selecting reliable 3 0 end clones (23) (24) (25) . After passing our filters, 386 415 sequences were collected. All the collected sequences are in the correct sense form (i.e. the sequence has been determined to be in the correct orientation and formed from the 5 0 end to the 3 0 end) with reliable 3 0 ends (we called them 'sense-orientation-reliable' transcripts).
Genome mapping and clustering of orientation-reliable transcripts
To reduce the workload and improve the mapping quality, we first applied the selected sense-orientation-reliable transcripts for assembling by CAP3 (21) . The generated contigs and singlets were then mapped to the human genome sequences using Blat (22) restricted with the conditions of Identity >94, Coverage >0.80 and Alignment >0.97. All imperfect alignments and uncertain multiple alignments were removed. The mapped genomic fragments were combined if they were overlapping and then were used as the target to map the selected sense-orientation-reliable sequences. The Blat conditions for this step are: Identity >96, Coverage >0.70 and Alignment >0.97. The transcript sequences that were aligned to more than one genomic fragment were discarded as suspected chimeras. All mapped genomic loci with overlaps were combined. An exact genomic locus was determined for each transcript. Splice junctions are very strong evidence regarding the strand of origin of expressed sequences. Splice donor and acceptor sites are GT-AG for 98.12% of human introns, or GC-AG and AT-AC for most of the remaining human introns (26, 27) . Because all the selected sequences were in the 'sense form', the start and end sites of the introns they span should be GT-AG, GC-AG or AT-AC. If an intron starts with CT (the reverse complement of AG) and ends with AC or GC (the reverse complement of GT or GC), or starts with GT (the reverse complement of AC) and ends with AT (the reverse complement of AT), the sequence might be oriented in the wrong direction. Only 558 sequences ($0.3% of the selected intron-spanning sequences) had suspicious splice sites and were discarded. Since both intron-spanning sequences and unspliced sequences were selected based on the same rules and their sequence numbers are comparable, we could expect that all the sequences, regardless of intron-spanning or not, might have a similar false-positive rate, i.e. $0.3%. In addition, all sequences with an average intron length over 300 kb, all Models and highly abundant and tandem duplicate genes such as immunoglobulins and T-cell receptors were excluded from further study.
All transcript sequences aligned to the same genomic locus were assembled into one transcription cluster. After assembly, all (4071) clusters that contained only one sequence that did not span an intron were excluded (intron length and the flanking exon length must be >50 and >10 nt, respectively). Finally, 22 341 transcription clusters were identified, which contained a total of 346 168 transcript sequences.
Classification of bi-directional transcription cluster pairs
A bi-directional cluster, whether a SA cluster (Figure 1 ) or a non-exon-overlapping bi-directional cluster (NOB; Figure 1 ), contains the sequences transcribed from both strands of the same genomic locus. For the sequences in such a cluster, we further separated them into two new clusters (a cluster pair) based on their alignments to the genome. If the two new clusters originated from a SA cluster, they were called either 'sense cluster' (S) or 'antisense cluster' (A); if they originated from a NOB cluster, they were called either 'sense-like cluster' (SL) or 'antisense-like cluster' (AL). The S and A or SL and AL clusters in a cluster pair were determined using the following rules: (i) define the one containing more sequences as the S or SL cluster, the other as the A or AL cluster; (ii) if the sequence numbers were the same, define the one with more mRNA sequences as the S or SL cluster, the other as the A or AL cluster; (iii) if their mRNA sequence numbers were still the same, define the one with intron-spanning sequence(s) as the S or SL cluster while the other one without such intronspanning sequence(s) would be the A or AL cluster. If none of the above conditions was satisfied, define the one mapped to the sense strand of chromosome as the S or SL cluster and the other as the A or AL cluster.
Assessment of transcriptional directionality via orientation-specific RT-PCR assay
Twenty-five SA pairs, longer than 250 bp of exon overlaps, were randomly selected from our data set. Ten antisensenegative controls were chosen from highly abundant genes. Candidate primers were designed to amplify a 180-400 bp sequence that was internal to a predicted region of bidirectional transcription (i.e. overlapped exon region). Control primers were designed to amplify a 180-400 bp sequence as well, either from randomly selected regions of non-SA (i.e. NBD or NOB; Figure 1 ) transcripts or from non-overlapping regions of SA transcripts. Total RNA from human brain tissue was used as template (Clontech), which was treated with DNase I to remove all potential genomic DNA contamination before RT-PCR. We used a Qiagen One Step RT-PCR kit according to a procedure modified from Shendure and Church (13), with 25 ml per reaction. Orientation of a transcript was assessed by restricting which primer was present during RT single-strand synthesis. For each candidate or control, four RT-PCR reactions were carried out. In the first reaction, only the primer complementary to the antisense-orientation of the PCR product was present during RT-single-strand synthesis (i.e. the sense primers listed in Supplementary  Table 2 to assay for antisense transcription). In the second reaction, only the primer complementary to the sense-orientation of the PCR product was present during RT-single-strand synthesis (i.e. the antisense primers listed in Supplementary  Table 2 to assay for sense transcription). In the third reaction, regular oligo(dT) 20 (Invitrogen) was present during RT-singlestrand synthesis (positive control). In the fourth reaction, no primer was present during RT-single-strand synthesis (control for genomic contamination). In all four reactions, both primers (sense and antisense) were present during the subsequent PCRs. The cycling parameters were as follows: 
Characterization of Gene Ontology (GO) annotations for SA and non-SA genes
The GO project is a collaborative effort to address the need for consistent descriptions of gene products in different databases (28 we set up our own GO slims (i.e. sub-trees) for GO terms that matched to our data set. We defined a sub-tree covering a given set of GO terms as the one rooted by the deepest common ancestor of all the given GO terms; we also tried to avoid having a given GO sub-tree cover too great a percentage of genes in our data set. Each GO sub-tree was represented by the GO term of the root. 13, 9 and 7 sub-trees were built up for three ontologies of biological process, molecular function and cellular component, respectively (Figure 4 ). For each sub-tree, the number of genes (i.e. transcription clusters) participating was recorded. The number of genes represented by the sub-tree was divided into the total number of annotated clusters in the ontology to arrive at the percentage coverage. 'Chi-square test' was used to determine the significance of difference between the percentages of SA and non-SA genes in each sub-tree.
RESULTS
Genome-wide identification of transcription clusters
A total of 22 341 transcription clusters were created based on the mRNA and EST alignments to the human genome. The sequences and alignments were filtered stringently to ensure the correct orientation. The clusters were classified according to the categories depending on the transcribed pattern in the genome. A total of 4400 clusters containing at least one pair of sequences transcribed from opposite strands of the same genomic locus were called 'bi-directional clusters' (BD; Figure 1) ; the remaining 17 941 clusters only containing one-directional transcripts were called 'non-bi-directional clusters' (NBD; Figure 1 ). Of the 4400 BD clusters, 2940 containing at least one opposite-strand transcribed sequence pair that had exon overlaps (identity >94%) were further classified as 'SA clusters' (Figure 1) ; the remaining 1460 BD clusters without such exon-overlapping pair(s) were then referred to NOB (Figure 1) . Each SA or NOB cluster was further separated into two new clusters (a 'cluster pair'); thus SA became sense (S) and antisense (A), and NOB included sense-like (SL) and antisense-like (AL). Such separation finally resulted in a total of 26 741 clusters (S, A, SL, AL and NBD; Figure 1 ), each of which contained single-direction transcribed sequences and represented a single or partial gene. The categories and the number of clusters and sequences in each category are summarized in Figure 1 . One transcript pair was selected as the representative for each SA cluster pair (Supplementary Table 1 ). The length of exon overlaps between the paired SA representative transcripts varied from 30 (the minimum set by our program) to 4223 nt, with an average of 388 and a median of 282. We found that most of the exon overlaps occur in the 5 0 -untranslated regions (5 0 -UTRs) and especially in the 3 0 -UTRs of the sense and antisense genes, consistent with the previous observations (12, 14, 29) .
Ninety-eight percentage of the SA and of the NOB cluster pairs had at least one cluster containing known mRNA(s), and 96% of the SA and more than 99% of the NOB pairs had at least one cluster containing intron-spanning sequence(s). Of the 2940 SA cluster pairs, 91% of the S and 38% of the A clusters contained CDS (protein-coding sequences), while in the 1460 NOB cluster pairs, 91% of the SL and 27% of the AL clusters contained CDS ( Figure 1B) . The result indicates that most of the S and SL clusters represent protein-coding genes, whereas the majority of the A and AL transcripts represent non-coding RNAs (8,30,31 ).
Experimental validation of SA pairs by orientation-specific RT-PCR
To validate our methodology, we sought to confirm a subset of our SA predictions experimentally. We randomly selected 25 SA candidate pairs from our data set and performed orientation-specific RT-PCR (see Materials and Methods). As shown in Figure 2 (summarized in Supplementary Table 2), 24 (96%) out of the 25 antisense transcriptions were successfully detected in normal brain tissue compared with none out of 10 antisense-negative controls. For 23 (92%) of the 25 SA pairs, both sense and antisense transcripts were detected.
Chromosomal distribution of bi-directional transcription clusters
All bi-directional cluster loci mapping to the whole genome are summarized in Figure 3 . The distribution and coverage of all cluster loci are listed in Table 2 . As presented in Figure 3 , except for some regions like centromeres that are essentially not sequenced and annotated, SA and NOB clusters are widespread on every chromosome except for chromosomes X and Y. Our result that the total cluster loci (22 341) covered 38.7% of the whole genome (Table 2 ) is in accord with Lander et al.'s (27) prediction that over one-third of the genome might be transcribed in genes, although only $1.5% of the human genome would consist of coding sequences.
There are more than twice as many SA loci (2940) compared with NOB loci (1460), whereas their total coverage (8.6 versus 8.4%) of the genome is not significantly different (Chisquare P > 0.7; Table 2 ), which suggests that the NOB transcripts may span longer introns than the SA transcripts. The distribution of SA and NOB loci on the whole genome is not random. The percentage of SA or NOB loci on some chromosomes is significantly (P < 0.05) higher or lower than the overall rate (13.2% for SA loci and 6.5% for NOB loci), such that (i) SA loci had a significantly higher percentage on chromosomes 3 (15.3%), 14 (15.8%) and 17 (16.4%), but a significantly lower percentage on chromosomes 8 (10.1%), 19 (10.9%), X (7.5%) and Y (0%); and (ii) NOB loci had a significantly higher percentage on chromosomes 3 (8.1%), 6 (8.2%) and 21 (9.8%), but a significantly lower percentage on chromosomes 17 (4.1%), 19 (3.2%) and X (4.7%). However, the percentage of SA and NOB loci on most chromosomes was comparable to the relative overall rate. These facts indicate that the SA and NOB clusters share similarities as well as differences in their distribution patterns on the genome.
Comparison of GO annotations for SA and non-SA genes
Compared with other genes, SA genes have significantly different distribution in some sub-trees of the three ontologies. As shown in Figure 4 , in molecular functions, SA genes have a significantly higher percentage participating in 'translation regulator activity' (P < 0.001), but a significantly lower percentage in 'signal transducer activity' (P < 0.01) ( Figure 4A) ; in biological process, SA genes have a significantly higher percentage in 'response to DNA damage stimulus' (P < 0.05) and 'cell growth and/ or maintenance' (P < 0.01), but a significantly lower percentage in 'development' (P < 0.05), 'transmission of nerve impulse' (P < 0.01), 'response to external stimulus' (P < 0.001) and 'immune response' (P < 0.001) ( Figure  4B) ; in cellular component, SA genes have a significantly higher percentage in 'nucleus' (P < 0.05) and 'cytoplasm' (P < 0.05), but a significantly lower percentage in 'extracellular' (P < 0.05) ( Figure 4C ).
DISCUSSION
Previous large-scale predictions (11) (12) (13) (14) have significantly expanded our knowledge about the prevalence of natural human antisense transcription. Particularly, Yelin et al. (14) predicted 2667 SA pairs in the human genome, far more than the other studies (11) (12) (13) . In this study, we tried to identify The SA and NOB clusters (above and below) are in magenta and in blue, respectively. Note that SA and NOB clusters are widespread on every chromosome except for chromosomes X and Y; there are no SA clusters on the Y chromosome. Centromeres, the short arms of chromosomes 13, 14, 15, 21 and 22, the variable heterochromatic regions on chromosomes 1, 9 and 16, and the variable region at the q-terminus end of chromosome Y are essentially not sequenced and annotated (42) . Thus, no SA or NOB loci are observed in these regions. For statistical significance, we used 'Chi-square test' to determine P-values. SA loci had a significantly (P < 0.05) higher percentage on chromosomes 3 (15.3%), 14 (15.8%) and 17 (16.4%), but a significantly lower percentage on chromosomes 8 (10.1%), 19 (10.9%), X (7.5%) and Y (0%), compared to its overall percentage (13.2%) on the whole genome; whereas, NOB loci had a significantly higher percentage on chromosomes 3 (8.1%), 6 (8.2%) and 21 (9.8%), but a significantly lower percentage on chromosomes 17 (4.1%), 19 (3.2%) and X (4.7%), compared to its overall percentage (6.5%) on the whole genome. On chromosome Y, all bi-directional cluster loci were NOB loci. Although SA loci had a significantly higher percentage (P < 10
À4
) than NOB loci (13.2 versus 6.5%) in overall loci, their overall coverage of chromosome length are very close (8.6 versus 8.4%), no significant difference.
additional human antisense transcripts that have not been identified before. With direct sequence accession number matching, we observed that $62% of our SA pairs did not appear in Yelin et al.'s (14) SA set although the two data sets have comparable SA pairs. In comparison with two other SA sets, we found that 98% (85 out of the total 87) of Lehner et al. (12) and 76% (110 out of 144) of Shendure and Church's (13) candidates were included in our SA set. Because these two SA sets were predicted from a limited number of reliable sequences, their numbers are relative small. We could not compare our data with Fahey et al.'s (11) because their data lack candidate sequence IDs. These results confirmed our hypothesis that more SA transcripts might exist in the human genome and that they could be identified by an alternative prediction method.
A good prediction method should have high sensitivity and specificity. As to sensitivity, our method predicts 22% (5880) of the total 26 741 clusters to form SA pairs, higher than Yelin et al.'s 8.4% (5334 out of the total 63 715 clusters), although the two sets have similar number of pairs. As to specificity, our orientation-specific RT-PCR detected over 90% (23 out of 25) of both sense and antisense transcriptions in brain tissue. In fact, we have also compared our data set with experimental data from other studies (13, 14) , and found that: (i) of the 25 SA pairs (out of 31 SA pairs with orientation-specific RT-PCR information that was kindly provided by Shendure and Church) appearing in our SA set, 80% of the antisense transcripts were confirmed by their orientation-specific RT-PCR, slightly higher than their overall positive rate (77%: 24 out of 31); and (ii) of the 163 sequences in our SA set that were identical to those studied by Yelin et al.'s (14) micro-array analysis, 52% were verified or indirectly verified by their micro-array analysis, significantly higher (P < 0.05) than their overall positive rate (43%). In addition, only one SA candidate confirmed by our RT-PCR was included in Yelin et al.'s (14) micro-array data set, but was not confirmed by their micro-array; two SA candidates were detected as positive in both RT-PCR analyses of ours and of Shendure and Church's [(13), Figure 2 ]. The reason that the positive rate of antisense confirmation in micro-array analysis was relative low had been discussed by Yelin et al. (14) . Our result also supports the notion that RT-PCR is more sensitive than microarray analysis. Taken together, these results suggest that our method has high sensitivity and specificity, which would ensure its efficiency in antisense prediction and the validity of our SA set.
In addition, the transcripts selected by our criteria have reliable 3 0 ends. This property will facilitate analyses with the massive serial analysis of gene expression (SAGE) expression data (24, 32) that has been widely used in the studies at the whole human genome level (23, 25, 33, 34) . Although many microarray data are now publicly available, few of them focus on SA pairs. Using available microarray data for genome-wide investigation of SA expression is, therefore, still not feasible. Unlike microarray, the SAGE technique does not require prior knowledge of the sequences to be analyzed, and thus SAGE libraries provide global and unbiased gene expression data that are suitable for SA expression analysis. By taking advantage of the abundant and growing amount of SAGE expression data (e.g. more than 240 SAGE libraries available at the NCBI GEO platform, April 2, 2004) generated from different tissues and various developmental, differentiation, pathological and physiological stages or conditions, one could not only determine the expression levels and patterns of natural human antisense, but also reveal the potential roles and possible functional mechanism(s) played by natural antisense.
Furthermore, in contrast to previous studies on human antisense prediction, our method also predicted 1460 NOB cluster pairs (Figure 1 ). Such transcription pairs have also been observed in the mouse genome [called 'non-antisense bidirectional transcription pair', (15)]. As with SA pairs, the two members of an NOB pair are located at the same genomic locus, but unlike SA pairs, the two members lack exon overlap. We have found that, although both SA and NOB clusters are bi-directional transcription clusters, they have some significant differences with regard to chromosomal distribution ( Figure 3 and Table 2 ), as well as intron length, expression level and pattern and possible involvement in tumorigenesis (J. Chen, M. Sun and J. D. Rowley, unpublished data), suggesting that there might be an intrinsic, biological difference in the nature of the two types of transcription, which in turn implies that they might play different biological roles in the human genome.
Alternative splicing has been demonstrated to be one of the most significant components of the complexity of the human genome (35, 36) , but the contribution of the natural antisense transcripts to the human genome complexity usually has been underestimated. In this study, we observed that 22% of clusters consisted of SA pairs, and 25% (88 211 out of the total 346 168) human expressed sequences were involved in antisense transcription (Figure 1 ). These estimates are higher than those from previous analyses (11) (12) (13) (14) , but are similar to the observations from chromosomes 21 and 22 (29, 37) . Moreover, our data set and that of Yelin et al. (14) shared only 38% of the transcripts, indicating that the total number of SA pairs must be more than either of the two data sets. In addition, none of the two data sets included many other kinds of antisense transcripts such as trans-encoded, non-polyadenylated and dsRNAs resulting from bi-directional transcription from repetitive and transposable elements that constitute almost half of the entire human genome (17) . Furthermore, the natural antisense transcripts for which expressed sequences are not yet available in the public mRNA/EST databases would not be detected by conventionally computational prediction. Such novel transcripts are likely to be expressed at very low levels (37) and could be identified by combining the use of the SAGE and GLGI methods (38) (39) (40) . All these data indicate that natural antisense transcripts are much more common in the human genome than estimated previously. The fact that most of our antisense transcripts are non-coding RNAs (Figure 1 ) and that the majority of novel antisense transcripts may also be non-coding transcripts (37) , suggest that the antisense transcripts are unlikely to significantly increase the total number of human protein-coding genes, but they should be one of the major components of the complexity of the human genome.
In GO analysis, we found that SA transcripts have significantly different distribution from non-SA transcripts in some possible molecular functions, involvements in biological process and cellular localizations. Yelin et al. (14) did not observe significant difference in these parameters between SA and other transcripts, probably due to the different strategies used in GO analysis (41) , and/or the difference between two SA data sets. The fact that SA transcripts have a significantly higher probability of involvement in 'translation regulator activity' and are more frequently located in the 'nucleus' and 'cytoplasm', might be compatible with their roles related to antisense-mediated gene regulation, because antisense-mediated gene regulation could happen in both nucleus and cytoplasm, and at both transcription and translation levels (5, 6) . However, systematic experimental analyses should be performed to unravel the actual biological meaning underlying the differences between SA and other transcripts, which will provide new insights into the nature of human antisense transcripts.
